Synopsis
Changes in pituitary hormone secretions following thyroidectomy were examined in sequentially collected blood samples every 15 min day and night for 7 hr from male rats via cannulae into the right atria. Pulsatile growth hormone secretions were observed every 2.5 or 3.5 hr in normal rats, while thyroidectomy 3 weeks prior to experiments abolished the growth hormone burst. Corticosterone profiles from normal rats showed also episodic patterns which were more often observed in the night experiment.
The episodic secretion of corticosterone seemed to inhibit the subsequent growth hormone burst but not vice versa.
The interrelation between integrated concentrations of growth hormone and corticosterone showed a negative correlation although the coefficient was not statistically significant. After thyroidectomy, the basal level of corticosterone decreased and the episodic secretion was blunted.
There was no nyctohemeral variation in the plasma thyrotropin level in normal rats but small and slow fluctuations.
Thyroidectomy caused about ten-fold elevation in the basal thyrotropin level and, in addition to this, a decrease at 1500 hr and an increase during the night, followed thereafter by a decreasing tendency to 0400 hr. Power spectral analysis revealed smaller components in growth hormone secretion of normal rats, which had periods of 60, 40 and 36 min, besides the hormone burst. The spectral analysis also made it clear that there were small and frequent components (40 or 36 min period) in corticosterone secretion.
Retarded growth in young hypothyroid animals has been so far attributed to decreased growth hormone secretion, reduced sensitivity of peripheral tissues to growth hormone and decreased food intake (Harris and Donovan, 1966) . We have already demonstrated that thyroidectomy markedly decreased growth hormone and prolactin contents in the pituitary, and also the rate of labeled amino acid incorporation into both of these hormones (Suzuki and Shibasaki, 1970) . Thyroxine supplement stimulated the biosyntheses of growth hormone and prolactin, which were observed as early as 12 hr after injection and led to an increase in the contents. Recently, Sammuel's group reported that thyroid hormone acted at the nuclear level to stimulate growth hormone biosynthesis in their in vitro system, employing a pituitary tumor cell clone (Samuels and Tsai, 1973) .
On the other hand, Eisenberg et al., repeatedly showed a decrease in the plasma growth hormone level 3 days after thyroidectomy (Eisenberg et al., 1972a and b (Suzuki et al., 1978) .
Moreover, there are reports which describe wide variations in plasma growth hormone levels collected by random sampling, since radioimmunoassay for rat growth hormone was established (Schalch and Reichlin, 1968 ; Krulich et al., 1974) . Recently a typical episodic secretion of growth hormone was found by Martin's group who collected blood samples through intracardiac venous cannulae from conscious rats (Tannenbaum and Martin, 1976) . In view of the complicated mechanism of growth hormone secretion, in this study we tried to observe changes in secretory profiles of growth hormone as well as thyrotropin and corticosterone in plasma from normal and thyroidectomized rats, which were obtained not in a single but in sequential blood collections. In contrast to the secretory profiles of the two hormones, the thyrotropin level A thyroidectomized rat showed peculiar secretory profiles which differed from the normal control (Fig.2) .
The burst of growth hormone secretion almost disappeared and small pulses which were below 50ng/ml occurred irregularly, accompanying small pulses in corticosterone secretion both in the day and even night experiments. It was obvious that plasma thyrotropin reached a level about ten times as high as that of the normal rat and little fluctuation occurred in this level. Also there was a tendency for the level to decline between 0100 and 0400 hr, small fluctuations then being noted.
Effect of thyroidectomy on mean plasma hormone levels Fig. 3 shows the mean value of plasma growth hormone with S. E. against clock time. There was a peak at 0900 hr, due to a pulsatile secretion in 1 out of 5 rats, but between 1100 and 1200 hr there was the highest peak observed in 3 out of 5 rats, and also two peaks attributed to 2 rats were observed between 1400 and 1500 hr. In the night experiment, there were several peaks at 2100, 2230, 2330, 0045 and 0400 hr, respectively.
On the other hand, thyroidectomized (Figs. 6 and 7), the ordinate shows special density the unit of which is the product of duration in minutes and the square of hormone concentration in 1 ml of plasma, while the abscissa indicates frequency the unit of which is 1/435 min. Fig. 6 hormone secretions both of normal and thyroidectomized rats in the day experiment. In the normal group, there were prominent components of which a larger one had a frequency of 2 or 3 over a period of 435 min, that is about 3.5 or 2.5 hr periods. There were also other components which had frequencies per 435 min of 6 to 8, 9 to 10 and 12 to 13, that is around 60, 45 and 36min periods. However, after thyroidectomy these components almost completely disappeared, and small and irregular components were observed (see the lower row in Fig. 6 ).
Power spectra of corticosterone secretion in the day experiment are shown in Fig. 7 . There were extraordinarily strong densities which had frequencies from 1 to 4 during the 435 min period in the case of No. 1, 2 and 5 rats. In addition to this, there were other small densities which had a Abscissa indicates the total sum of plasma growth hormone levels (ng/ml) measured every 15 min.
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Correlation between growth hormone and corticosterone secretions
As shown in Fig. 1 , coticosterone pulses in the night experiment seemed to suppress bursts of growth hormone secretion, while a growth hormone burst did not inhibit an episodic secretion of corticosterone as in the day experiment.
So far, a reciprocal relationship between both the hormones has been reported (Schalch and Reichlin, 1966; Krulich et al., 1974) , and thus the correlation was calculated.
The sum of the concentration of growth hormone (ng/ml) for 435 min was plotted against that of corticosterone (ng/ml) from both the day and night experiments ( Fig.  8) . A negative correlation (r=-0.3325) was observed in normal rats although the coefficient was so low that it was not statistically significant. However, there was no correlation at all in that of thyroidectomized rats.
Discussion
The most conspicuous change after thyroidectomy was a decrease in the amount of pituitary growth hormone content, accompanied by a slight but significant increase in pituitary weight in agreement with previous observations (Levey and Roberts, 1957; Suzuki and Shibasaki, 1970) . The decrease was ascribed to a lowered rate of growth hormone synthesis and was due to a probable event that the rate of growth hormone secretion was greater than the rate at which synthesis decreased. Recently, pulsatile secretion of growth hormone in the rat has become well established (Tannenbaum and Martin, 1976) . Thus changes in growth hormone secretion following thyroidectomy would be most reliably estimated not by observing the hormone level in a single blood sample but a secretory profile. Typical episodic bursts of growth hormone secretion in a normal rat were shown in the day experiment, while thyroidectomy brought about a disappearance of the bursts, and resulted in irregular small pulses. These changes are clearly shown in Fig. 3 which illustrates profiles in the mean growth hormone level with S. E. Three bursts were observed in normal rats, and two of them (at 1100-1200 hr and 1400-1500 hr) occurred nearly coincidentally with those reported by Willoughby et al. (1977) . Thyroidectomy clearly eliminated the bursts of growth hormone secretion in both the day and night experiments. However, it was seen that the low trough levels of normal rats were similar to or lower than those of thyroidectomized rats.
These findings indicate the importance of longitudinal observation of a secretory profile of a hormone such as growth hormone. These fluctuating data were analyzed by power spectral analysis. The following informations are obtained by means of the analysis: 1) detection of components with proper frequency, 2) conversion of time history dimension to frequency dimension, 3) estimation of the contribution to an amplitude of a component which has a particular frequency. As shown in Fig.  6 , there were four kinds of frequency components in growth hormone secretory profiles of normal rats. The lowest frequency (2 or 3) which had 3.5 or 2.5 hr period and the largest spectral density represented the episodic burst although Tannembaum and Martin (1976) reported that an episode occurred every 3.3 hr. In addition, another 3 components which had periods of about 60, 45 and 35 min were also noticed. These components implied the presence of small and irregular pulses. Thyroidectomy lowered the densities extremely, particularly in the burst components and the other small components.
The presence of small and irregular components in thyroidectomized rats was also noticed, for instance, frequency 10 (Tx-1,-2 and -4) or 5 ( (Krieger, 1973; Simon and George, 1975 (Fig.4) . On the basis of this assumption, thyroidectomy caused a decrease in the basal corticosterone level, and also seemed to blunt the responsiveness of corticosterone secretion to probable external and emotional stimuli, at least in the day experiment, because the procedure was the same as for the control. There is another possible explanation for a rise after midnight in the level of corticosterone in the plasma of thyroidectomized rats, viz. in hypothyroid rats there occurred a change in the circadian rhythm of the hormone secretion. Thyroid hormone was required to permit the expression of the plasma corticosterone rhythm when adrenocorticotropic hormone (ACTH) pellets were implanted to hypophysectomized rats (Meier, 1976) . Thus it is also probable that thyroidectomy brings about blunted responsiveness of the adrenal cortex to ACTH. Power spectral analysis on corticosterone secretion in normal rats showed the presence of small density and high frequency components which had 40 or 36 min periods and nearly disappeared following thyroidectomy besides strong density components caused by probable external stimuli. These highly frequent components had not been reported previously except a recent report by Holaday et al. (1977) on a component of 85 to 90 min in a synchronized cortisol rhythm of monkeys.
The profiles of thyrotropin secretion from normal rats showed that there was no nyctohemeral variation which showed a zenith in the late morning and a nadir in the evening (Fukuda et al., 1975 ) except small and slow fluctuations (Fig.1) .
In thyroidectomized rats, irregular pulses of thyrotropin secretion were observed in addition to nearly ten-fold elevation and there was a tendency to decrease gradually from midnight to 0400 hr.
It has been well attested that stress causes a decline in the plasma growth hormone level in rats and mice (Schalch and Reichlin, 1968; Schindler et al., 1972; Brown and Martin, 1974; Krulich et al., 1974) . In the present series of experiments, the prosecretions appeared to be clearly interrelated. After a burst of growth hormone secretion, an interval of corticosterone secretion followed ( Fig. 1-in the day experiment) . This was also observed in the night experiment from 2100 to 2200 hr. Thereafter no growth hormone burst was observed, suggesting an inhibitory effect of the corticosterone episode on the following bursts of growth hormone secretion. The interrelation is illustrated in Fig. 8 , showing a negative correlation. Thyroidectomy abolished the interrelation.
